In ultrarelativistic heavy-ion collisions at √ s > 20 (120) A·GeV a copious production of charm (bottom) production sets in which, via correlated semileptonic DD (BB) decays, gives rise to a dilepton yield at invariant mass M ≈ 2 -3 GeV in excess of the Drell-Yan yield and the thermal dilepton signal from deconfined matter as well. We show that appropriate single-electron transverse momentum cuts (suitable for ALICE at LHC) cause a threshold like behavior of the dilepton spectra from heavy-quark meson decays and the Drell-Yan process and can allow to observe a thermal dilepton signal from hot deconfined matter.
Introduction
The current relativistic heavy-ion experiments at CERN-SPS and planned future experiments at BNL-RHIC and CERN-LHC are aimed at a study of the properties of highly excited, deconfined matter. The production of dileptons with intermediate invariant mass in the so-called continuum region between φ and J/ψ are widely considered as one of the main tools to measure in such experiments the "initial" temperature and other thermodynamical characteristics of the produced matter [1, 2] . Dilepton measurements are envisaged in particular with the PHENIX and ALICE detector facilities at RHIC and LHC, respectively. The thermal dilepton signal in the intermediate invariant mass region faces a serious background problem connected with hard initial quark -anti-quark annihilation into dileptons (i.e. the Drell-Yan production). The general expectation is that with increasing beam energy the maximum temperature of matter rises and consequently the thermal dilepton yield grows faster than the Drell-Yan yield. However with increasing beam energy also a copious production of heavy quarks, resulting in hard initial collisions of partons too, sets in. As a consequence, the correlated semileptonic decays of open charm and bottom mesons yield a dilepton rate exceeding the one from the Drell-Yan process. This can be understood by the following simple arguments. Drell-Yan pairs are produced dominantly viaannihilation, while the open charm and bottom production involves mainly gluons of colliding nuclei. Since the parton structure functions [3] point to a strong increase of the gluon density at small values of the below explained variable x, one can expect a corresponding increase of the relative contribution from charm and bottom decays into the intermediate mass region of dileptons with increasing beam energy or √ s. Therefore it is a priori not obvious in which energy region one meets best conditions for observing a thermal dilepton signal from hot deconfined matter.
In this note we present a schematic view on the beam energy dependence of the mentioned sources of dileptons. Additionally we study systematically the influence of single-electron transverse momentum cuts on the invariant mass spectra of dileptons and show that at ALICE at LHC such cuts can suppress the Drell-Yan and correlated semileptonic decay dielectrons. Thus an observation of the thermal signal seems to be feasible, supposed the uncorrelated background can be accurately enough removed by like-sign subtraction.
Beam energy dependence of dilepton sources
Our basic equations for calculating the above mentioned dilepton sources can be found in Refs. [4, 5] and are presented below in modified form. In Fig. 1 wide range of invariant masses at LHC, RHIC [7] and SPS energies. Therefore, there is nowhere a preferred energy region; at high beam energies, however, one expects clearer deconfinement effects due to temperatures far above the confinement temperature.
The results displayed in Fig. 1 cover the full phase space. Any detector acceptance will suppress the various sources differently [8] . Energy losses of heavy quarks propagating through deconfined matter [9] reduce also the open charm and bottom decay yields above M = 2 GeV [5, 10, 11] . Notice that with increasing invariant mass the thermal yield drops exponentially while, for instance, the Drell-Yan yields drops less, i.e. like a power law.
Transverse momentum cuts
From all of these considerations the urgent problem arises whether one can find such kinematical gates which enable one to discriminate the thermal signal against the large decay background. Since the kinematics of heavy meson production and decay differs from that of thermal dileptons, one can expect that special kinematical restrictions superimposed on the detector acceptance will be useful for finding the needed window for observing thermal dileptons in the intermediate mass continuum region. In particular, experimental cuts on the rapidity gap between the leptons can reduce considerably the charm decay background [7] . As demonstrated recently [8] , the measurement of double differential dilepton spectra as a function of the transverse pair momentum Q ⊥ and
⊥ within a narrow interval of M ⊥ also offers the chance to observe thermal dileptons at LHC. In the present note we show that a large enough low-p ⊥ cut on single electrons suppresses the mentioned background processes and opens a window for the thermal signal in the invariant mass distribution. We take into account the acceptance of the ALICE detector at LHC: the single electron pseudo-rapidity is limited to |η e | ≤ 0.9 and an overall low-p ⊥ cut of 1 GeV is applied (we do not impose the earlier planned restriction p ⊥ < 2.5 GeV). We are going to study systematically the effect of enlarging the low-p ⊥ cut on single electrons in the invariant-mass dilepton spectra at √ s = 5500 GeV. 
Dilepton sources 3.1.1 Heavy quark production and decay
We employ here the leading order QCD processes gg → QQ and→ QQ for heavy quark production and simulate higher order corrections by an appropriate constant K factor.
The number of QQ, produced initially with momenta
in central AA collisions can be calculated by
whereσ Q q,g /dt are elementary cross sections (see for details [4, 7] ), f g,q,q (x,Q 2 ) denote the parton structure functions, 
Drell-Yan process
Similar to heavy quarks, our calculations of the Drell-Yan pairs are based on the lowest order→ e + e − process with appropriate K factor. For the Drell-Yan production process of leptons at rapidities y + and y − and transverse momenta
Thermal yield
In case of thermal emission of dileptons from deconfined matter the needed distribution of leptons with respect to rapidities y ± and transverse momenta p ⊥± reads [8] 
with
for u,d,s quarks, K n as modified Bessel function of nth order, and
The integration is to be performed on the proper time τ of the longitudinally expanding deconfined matter with temperature T (τ ) and quark fugacity λ(τ ) [4] . Our choice of initial conditions for produced deconfined matter is based on the estimates of Refs. [4, 13] for the mini-jet plasma which are similar to the self-screened parton cascade model [14] . We take as main set of parameters the initial temperature T i = 1000 MeV, gluon fugacity λ 
Results of lowest-order calculations
The results of our lowest-order calculations of the invariant mass spectrum for various The threshold behavior does not change if we include in our calculations energy loss effects of heavy quarks in deconfined matter [9] . Such effects cause mainly a suppression of the decay contributions (cf. [5, 10, 11] ). We also mention that shadowing effects, not included in our Drell-Yan and heavy quark production estimates, will diminish these yields somewhat. (In the mini-jet estimates of our initial conditions [4] shadowing effects are already included).
Results from PYTHIA
The lowest order Drell-Yan yield has anyway M min = 2p it will be difficult to suppress kinematically the background below the thermal signal at invariant masses M < 3 GeV. Probably explicit identification and subtraction of the bottom contribution is needed in this region. Otherwise one should stress that the thermal signal of deconfined matter is expected to exceed the thermal hadron signal at M > 2
GeV [15] . Hence the region of small values of M is not interesting in this respect.
We conclude this subsection by mentioning that further differences between our above lowest-order calculations and the PYTHIA simulations stem from slightly different charm/bottom masses, different fragmentation schemes and decay chains. We have checked that for the same masses, the same fragmentation scheme (i.e. independent fragmentation) and PYTHIA without intrinsic p ⊥ distribution and without initial/final state radiation, PYTHIA then reproduces our calculations. According to our experience, the stringent kinematical cuts amplify small differences in various code versions. We do not intent here to present a detailed prediction of the dilepton yield, but rather to demonstrate that an observation of a thermal signal from deconfined matter is not excluded.
Therefore, we do not attempt any fine tuning of the codes to reproduce the bulk of data in pp and pA reactions.
Physical information encoded in the continuum spectrum
The thermal dilepton signal with single-electron low-momentum cut-offs p min ⊥ = 2 -3 GeV exhibits an approximate plateau in the invariant mass region 2 GeV ≤ M ≤ 2p min ⊥ (see Fig. 4 ). The physical information encoded in the height of the plateau can be estimated by In summary we analyze the beam energy dependence of various expected sources of dileptons in ultrarelativistic heavy-ion collisions. Already at √ s > 20 GeV a copious production of charm gives rise to a dominant contribution to the dilepton spectrum at intermediate invariant mass. Taking into account the ALICE detector acceptance we study also systematically the effect of single-electron transverse momentum cuts. We find a threshold like behavior of the invariant mass spectra of dileptons from primary correlated charm and bottom decays and Drell-Yan yield as well: these sources are suppressed at
GeV. In contrast to this, the thermal dilepton signal exhibits a plateau in this region which offers the opportunity to identify them and to gain information on the initial stages of deconfined matter at LHC energies. The same mechanism also works at RHIC energies, however the expected count rates are too small to make such a strategy feasible. The complex decay chains of heavy mesons, in particular open bottom, and the resulting combinatorial background make an explicit identification of the "hadronic cocktail" very desirable to allow a safe identification of the thermal signal.
where E and F stands for the incomplete elliptic integrals 
Since for small M also Q ⊥ /M ⊥ ≈ 1 holds, one can use E(φ, 0) = F (φ, 0) = φ and E(φ, 1) = sin φ and finds
For p ⊥ cuts larger than 2 GeV one gets from Eqs. (8, 12 ) the approximate expression Eq. (6) when approximating the τ integration appropriately [8] . default switches, solid curves: without initial state radiation).
